5 India is the second largest producer of fruit and vegetables in the world. Fruit 6 production in India has increased 89 % in the last decade. In the present paper It is 7 exposed the necessity for a proper traceability in the Indian food industry, because the 8 sector is demanding an adequate system due to the precarious nature of existing 9 supply chain, and to reduce the numerous cases of food safety incidents and 10 fraudulence. This work also presents the existing traceability techniques in India which 11 include RFID, Holograms, Barcode, Nuclear techniques and other tracking media to 12 monitor production process. Furthermore it is revealed the initiatives implementation 13 from APEDA and its association with GS1 India in the form of Anarnet, Peanut.net, 14
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

Introduction
27
A complete definition of traceability is given by Olsen and Borit (2013) , they define 28 traceability as "The ability to access any or all information relating to that which is 29 under consideration, throughout its entire life cycle, by means of recorded 30 identifications". 31
The terms "tracing" and "tracking" are generally discussed in the traceability. 32
According to Petersen and Green (2005) , tracing is backward process where origin is 33 identified by history or records in supply chain and tracking is the forward process 34
where end users and trading partners are identified by location in supply chain, while 35 both term provides the visibility to the supply chain (Van Dorp, 2002 ). Stefansson and 36 Tilanus (2001) point out that tracking and tracing system must be connected with 37 physical transportation system and information system. 38 M A N U S C R I P T
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6 spoiled before reaching to consumers, where wheat is also enlisted in this wasting list 144 which is about 21 million tons of wheat per annum, due to inadequate storage and 145 poor management by government run Food Corporation of India (FCI) and 146 unfortunately the wheat is eaten or rotten by insects or rat, instead of reaching to the 147 needy person. In 2012, Gulati et al. (2012) , estimated that the food grain leakage for 148 the year 2011-12 increased up to 46.72 %. As stated by Mr. Sharad Pawar, the former 149 agriculture minister, the country needs to reduce as well as control over the food 150
wastage which worth $8.3 billion annually (Chauhan, 2013) . 151 A recent study conducted by Emerson (2013) , annually India is wasting out a large 152 amount of fruits and vegetables that worth USD 2.45 billion, and in order to improve 153 this situation in future, India must solve the recent problem of the country's lack of 154 adequate cold storage facilities and refrigerated transport system (Bhosale, 2013) . 155
Whereas, the cold storage capacity must be increased up to 61 million metric tons for 156 covering an entire commodity. Currently cold storage capacity, which is only 30.11 157 million metric tons that manages by 6300 cold storage houses across the country, but 158 it also requires more than USD 10.15 billion to build up the smart cold storage capacity 159 for all food products (NCCD, 2012) . 160
Major food wastage is occurred in weddings ceremony, canteens, hotels, social and 161 family functions, as well as households etc., moreover the amount of food wastage 162 and losses are increasing day by day (Phukan, 2014) . According to the Global Hunger 163 Index (IFPRI, 2013), India ranks 63rd, out of the 78 hungriest countries, where 164 traceability and associated quality control could help to improve food distribution 165 processes and reduce food wastage (IFPRI, 2013) . 166 As per recent survey by Indian Institute of Management (IIM) Calcutta, only 10% 167 perishable foods are able to preserve under the cold storage facility in India and 168 remained 370 million tons of foods at risk (Kazmin, 2014) . Basavaraja et al. (2007) also 169 conducted study on post-harvest food losses (PHL) of cereals in the state of Karnataka 170 (India) , in which found that most of the PHLs occur at farm level than market level.
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Indian agriculture sector ought to establish and integrate food traceability systems 172 with risk management systems in order to improve food safety in the entire food chain 173 (Sugahara, 2012; Aung and Chang, 2014) . 174
According to Golan et al (2004) , for fortifying firms the government policies must be 175 focused, and should be invested in the traceability system and need to develop a 176 controlling or monitoring system that can be watched over the unsafe and falsely 177 advertised foods which comes in market, it must be taken some appropriate action 178 that may help to remove that food as soon as possible from the system. 179 portal, as well as how they should be carried out a food recall portal in order to 190 develop an efficient rapid identification system, removal of unsafe food, and 191 preventing customers from potentially hazardous food in market. This is to take 192 traceability as an integral part of food logistics (Bosona and Gebresenbet, 2013) . production and products (Wall, 1994) , increasing food safety and security (Anica-Popa, 207 2011), ensure consistent quality of food products and prevent food safety problems (Li 208 et al., 2006) , gives accurate, timely, complete, and consistent information about 209 products (Regattieri et al., 2007) , reduces labor productivity losses (Veronneau, and 210 Roy, 2009), save time and money (Moe, 1998) , reduce human error (Frederiksen et al., 211 2002) . 212
Necessity of traceability in the Indian food industry
Fundamentally, India requires more development in current national food laws, as well 213 as need to adopt an effective traceability system in order to improve and change 214 within current food industry and food supply chain. As suggested by researchers the 215 following factors are essential to control the food outbreaks and fraud, in order to 216 establish the new food traceability legislation in Indian food industries. 217
Food Safety Incidents and hazard identification in India 218
In India, the main principle cause behind increasing food safety concern is the 219 inconsistency and arbitrariness in food safety monitoring system, for example the 220 problem of antibiotic in honey (Narain, 2010) , growing the use of milk adulterants and 221 tainted meat (Biswas et al, 2015) . 222
Small dairies and household dairy stores, utilizes nearly 22% of total 35 % processed 223 milk for preparing traditional Indian dairy products (IAI, 2011; IBEF, 2012) , and these 224 products are highly perishable and being packed without using any aseptic packing 225 conditions (Dabbene et al., 2014) , whereas, difficult to trace the source of milk from 226 which the products have been made and fail to meet international safety, packaging 227 M A N U S C R I P T
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and transparency standards due to lack of investments, equipment and technology 228 (Gupta, 2007; IAI, 2011) . 229
European Union temporarily banned on export of Indian food items, which include 230 alphonso mangoes, eggplant, the taro plant, bitter gourd and snake gourd due to fruit 231 flies, antibiotic residues, cadmium and vibrio (Sonwalkar, 2014 (Newsdesk, 2015) . 238
In 2012 FDA recalled the frozen tuna fish of Moon Fishery from India, due to the 239 presence of Salmonella in sampling strips (Rothschild, 2012) . Whereas, in 2010, Russia 240 banned on export of Indian bovine meat as well as enforced many limitations on 241 exporting products from Indian origin (Radyuhin, 2010) . 
Food fraudulence in India 249
In India, recently the milk scam was disclosed in which powder and saturated fatty oil 250 were mixed with milk for increasing the sale of milk (Paul, 2016) , whereas Indian 251 authorities discovered in their study that most milk manufacturers were diluted or 252 contained by unappetizing agents such as hydrogen peroxide, detergent and urea ( 253 The food traceability market is being increased with the growing understanding for 273 food safety among the consumers and government authorities. 274
In the last year, Cargill announced that its going to build a 100 % traceable and 275 sustainable supply chain of the palm oil in India by 2020 (Cargill, 2014) , whereas 276 recently started the food safety awareness program across the country under the 277 Surakshit Khadya Abhiyan (Cargill, 2015) . 278
In recent year Tea Board of India introduced, Trustea and Rain Forest Alliance (RFA) 279 certifications, which are mandatory for all tea manufacturers in order to set up the 280 transparency, reliable supplier of tea and traceability in both domestic as well as 281 overseas market, but nevertheless only one tea factory has obtained all certifications, 282 which is Harrisons Malayalam Ltd (HML) (Kumar, 2015) . 283 M A N U S C R I P T
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McDonald restaurants recently introduced the food traceability for potatoes to keep a 284 track of the product sources from 40 different suppliers across the country in order to 285 provide food safety and quality (McDonald, 2015) . 286
Numerous farm products like grape, mango, banana, onion, potato, soybean and 287 poultry are able to increase the economy of small holder farmers as well as those 288 could change the face of Indian farming sector, whereas few of them are certified by 289 APEDA, so which can be easily traceable and identified in Indian market (APEDA, 290 2013a). 291
Following modern traceability systems are currently being used across Indian food 292 industry and other sectors: 293
Alphanumerical codes in India 294
Traditional food deliverymen has paced into forward and using a system of 295 alphanumeric codes printed on reusable containers for easily identifying and supplying 296 fast service to their customer (Narayan, 2016) . According to Regattieri et al. (2007) 297 alphanumerical codes are a combination of the alphabetic and numeric characters of 298 different sizes, which is generally found on products label, whereas it is very lucid, and 299 non-mechanized process (Abad et al., 2009) . 300
Hologram in India 301
As definition of hologram is a physical structure that diffracts light into an image, while it 308 refers for both the encoded material and the resulting image. In addition, it is an 309 effective product authentic solution which empowers to consumer, brand owners and 310 government authorities to easily identify genuine products against to fake. 311
Barcode in India 312
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Major food processing companies including the Dabur food, Godrej beverages & foods, 313
Amul, Hindustan Unilever, ITC, Kohinoor food, Mother dairies and Venkys India (Shah 314 ,2011) are using the barcode and 2-D quick response (QR) code techniques in order to 315 develop an effective authentic product solutions, while assisting to build up a 316 confidence in customers. In addition, the growing retail sector is also responsible for 317 emerging this segment, whereas continuously asking for distributors, manufacturers to 318 adopt the barcode system for their products. 319
Recently APEDA adopted the GS1 standards, while most of the more visible and useful 320 applications have been achieved through the usage of GS1's product identifiers in 321 barcoding for Grapenet, Anarnet, and Tracenet. Additionally APEDA, it is an agro trade 322 promotional body of the government of India, and has already been providing 323 traceability services to improve the confidence of importing countries in Indian 324 agricultural products (GS1 India, 2012). According to Zare Mehrjerdi (2010), barcode is 325 an openly machine-readable data which is printed over the objects, whereas by means 326 of electronics barcode readers can be easily encode, store and recall information. 327
Radio frequency identification (RFID) in India 328
Currently in India, RFID technique is being utilized by several dairy industries, including 329
Amul dairy, which uses RFID tagging for milk yielding animal on their Anand farm in 330
Gujarat state, Chitale dairy, which uses RFID tagging for tracking and storing 331 information relating to health issue, and Govardhan dairy, which uses RFID tagging for 332 identifying their cattle by numbers, both from Pune, Maharashtra state (Swedberg, 333 2010; Rohatgi, 2014) . 334
In their study, Agarwal et al (2014) suggested that a new developed smart ration card 335 using Radio Frequency Identification (RFID) would help to prevent from fabrication in 336 the distribution of ration, which is fixed allowance of provisions or foods like sugar, oil 337 etc. from the ration shops with ration card. At present days, in India both domestic and 338 foreign retailing players like Wal-Mart, Metro, Reliance, Food bazaar, Tata sons, Future 339 groups, and Bharti, have already taken steps towards RFID technology with suppliers to 340 go in for RFID (Srivastava, 2004; Kelepouris et al., 2007) .
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Document-Based (Paper/Electronic Documents) traceability system in India 342
Majorly smaller industries and producers are focused over simple pen and paper for 343 reporting, stock information and communicate data with partners in supply chains. 344
Besides manual process which is time consuming, as well as provide inappropriate 345 information or error with respect to the accurate source, location, or doubtful product, 346
and it is unable to transfer information among partners in the food supply chain 347 because of unavailability of electronic recording and reporting system, hence in such 348 case the product information like product lot number, harvest date, product 349 receipt/shipping date, quantity, or ingredients, which is written by manually in the 350 handbook (Karippacheril et al., 2012) . 
Traceability systems for Indian Farming produce through GS1 India 421
Standards and APEDA 422
In recent years APEDA has been initiated the new electronics traceability system for 423 agro-food safety, and emphasized on the application of the information technology in 424 the traceability system for various farming produces, which include grape, banana, 
Initiatives of traceability for livestock in India 469
Recently India has introduced cattle tagging using RFID for dairy farming, which include 470 the organizations Amul dairy, Gowardhan dairy and Chitale dairy (Rohatgi, 2014) . 471
In last few years ago, Chitale dairy tagged around 7000 cows and buffaloes in 472 Maharashtra and Tamil Nadu states respectively (Mathis, 2010; Swedberg, 2010) and 473 currently, as the number of tagging in this run increased up to 50.000 cows and 474 buffaloes, as well as company has targets to capture all animals across the country 475 because of increasing responding from farmers as well as dairy companies from last 476 couple of years (Rohatgi, 2014; D'Monte, 2015) . In addition, noticeable thing is that 477
Chitale dairy uses combine passive RFID tag to track cows and buffaloes ,which is fitted 478 on each ear of cattle and buffaloes (Rohatgi, 2014 and solve the critical work in moment, as well as it is faster, easier, reliable, and 489 efficient (Shawna, 2015) . 490
Estimated cost for food traceability in India
491
In the last few years APEDA has been shown growing interest in electronic traceability 492 system for farming products such as grape, banana, mango, pomegranate, and 493 ladyfinger, simultaneously provide the guideline to the farmers about good agricultural 494 practices as well as focusing over the food safety standards for improving better 495 production and distribution (APEDA, 2013). Nowadays, building up traceability system 496 in Indian firm has become easier with help of APEDA, AGMARK, and GS1 India. 497
Traceability system can provide the maximum yield to the firm and beneficial 498 investment. 499
According to Golan et al. (2004) , eventually cost is the main matter in order to adopt 500 advance and safety traceability system for the small, cottage industries and many 501 producers, distributors and processors. Moreover the firm's traceability costs consist 502 of equipment and technical costs, labor costs for food safety assurance, testing and 503 traceability management like breadth, depth, and precision of the traceability system 504 which is broadly connected with food and feed products from source to sale in food 505 supply chain. 506
The following data collected through the discussions with technology providers and 507 available traceability related products in market, because each firm faces a different 508 set of costs depending on its circumstances and nature of products. While another 509 factor appears that estimated costs have been categorized into fixed cost, where 510 expenses that are not dependent on the activities of a firm as well as it is one time 511 initial costs, and secondly, variable costs where expenses that change in proportion to 512 M A N U S C R I P T
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the activities of a firm like product volume and size of firm, also which is used to 513 achieve other purposes, such as labor, management, paper or faster delivery times and 514 computer system not to be included. 515
Nevertheless, RFID tags are more costly than barcode, but completely depending upon 516 choice of firm whether passive or active tags (Ruiz-Garcia and Lunadei, 2011). Also 517 require the RFID-enabled label printers, readers, antennas, software, middleware, and 518 computers. Using barcode, it is simple as well as can be easily printed on regular 519 printer and save huge money. Furthermore annual and renewal fees both are cost per 520 year of owning and operating the system and it's required to pay for commencing year 521 after year service of the systems. 522 Table 2 indicates that calculated costs can be assisted to establish the partial 523 traceability system for Indian small and cottage food industries. In order to better 524 development and adopting barcode system for products, already the Indian 525 government has announced the financial assistance scheme for registered micro and 526 small manufacturing enterprises, where the eligible units to claim reimbursements of 527 75% of the one-time registration fee and 75% of the annual fee paid to GS1 India for 528 the first three years, against proof of payment (MSME, 2007; GS1 India, 2012). 529
Impediment for adoption and challenges of food traceability in India 530
Recently, considerable attention has been given to Indian farming sectors, which are 531 being progressed gradually, and many organized sectors are being grounded day by 532 day, but nevertheless the food safety and product recalling problems remain steady 533 because of some parameters such as structural, institutional, technical, cultural issues, 534 which affect to settle the food traceability in India, whether for the domestic market or Market Committee (APMC) acts, which handles more than 10000 regulated markets or 543
Mandi, which is the main source of dealing commodities (Ramakrishna and Ajjappa, 544 2013), whereas nowadays regulated market is unable to protect and provide as much 545 as facilities which requires to maintain the quality and traceability. 546
There is a deficiency of grades and standards for domestic market and loose 547 enforcement. However, due to lack of financial budget, many small and cottage 548 industries are unable to provide good quality products, and hence such companies 549 must go through AGMARK certification for establishing food standards and grades for 550 their products in domestic market, and proper development of food traceability in 551 India (APEDA, 2013a). 552
There are inadequate good agricultural, manufacturing, and hygiene practices in India, 553 which makes more difficult for the proper traceability; APEDA is being continuously 554 worked on improving the food safety for domestic and export market, and emphasis 555 on adoption of hazard analysis critical control point (HACCP) and international 556 organization for standardization (ISO) certification among food manufacturers, as well 557 as many agriculture universities are researching on good agriculture practices, 558 fertilizers and post-harvest techniques (APEDA, 2013a). 559
The leading international players are entering and trying to set up their presence, and 560 it shows the clear sign of growth of organised retailing sector. Nevertheless, increasing 561 organised sectors are scaring of an unorganised sector like Kirana store, which offers 562 products in lesser price and available on walking distance, hence food traceability is 563 finding an obstacle (USDA, 2014). Still, India is at early stage and needs more struggle 564 and investment to build up cold storage in order to provide facilities for all farm 565 produces. Besides food wastage is also increased due to less available of cold storage, 566 as well as most of the cold storages are manual or multilevel with having less storage 567 capacity (Emerson, 2013) . 568
There is a lack of SPS certification department, it is very important for exporting the 569 farming produces to the foreign countries, which is issued under Ministry of 570 Although India has progressed in information technology (IT) industries, rural areas 588 lagged behind in world of ICT. However, the rate of literacy among rural people is very 589 low with less understanding for the internet based information, which is available only 590 in English language (Rao, 2009 ). In India, where 22 languages are officially recognized 591 (Saxena, 2016) , and more than 60 % of Indians speak Hindi language and nearly less 592 than 12 % of population in India understand the English (Aula, 2014) . 593
Conclusion
594
In this work, the existing food traceability systems in India as well as strength and 595 weakness, challenges and practical problem of using such systems were studied. Still 596 India is at early stage because of low consistency in the Indian market, which is 597 occupied by number of small and medium industries, hence it is difficult to adopt this 598 technology, and it might be impossible due to high installation costs of RFID tags, 599 barcodes and readers, with low awareness. Nevertheless APEDA and GS1 India have 
